(19) 



CO 

o 

a. 

LU 




EuropfitectM* Patentamt 
European Patwit Offica 
Office auropien de« bravett 



llllllllllllllllllllilllllll 

EP0 823 534 A1 



(11) 



(12) 



(43) Date of publication: 

11.02.1998 Bullottn 1998AI7 

(21) Application number. 97305708.6 

(22) Date of filing: 29.07.1097 



EUROPEAN PATENT APPUCATION 

(51) intci.6: E21B7/06. E21B 43/30 



Q. 

O 
O 

LU 



(84) Oesiff^ated Contractino States: 

AT BE CH DE OK ES R Fll OB GB IE rr U LU MC 

NLPT8E 

Designated Extension States: 
ALLTLVROSt 

(30) Priority: 30.07.1096 U8 22781 P 
24.07.1097 US 898700 

(71) Applicants: 

• Anadrill International, S.A. 
Panama City (PA) 



• SERVICES PETHOUERS SCHLUMBERQER 
F-7G007 Parle (PR) 

(72) Inventor. Ohmer, Herve 
Ho«ieton,TX77Cy70(US) 

(74) Representative: MIrza, Akram Karlm 
Intellectual Property Law Department, 
Schlumberger Cambridge Reeearch, 
High Croee, 
Madlngley Road 
CambrkSgo CB3 OEL (QB) 



LU 
CD 



(54) Ap|>aratU8 for estabUshIng branch well« from a parent well 

(57) A method and apparatus for creating multiple 
branch wells from a parent well is disclosod According 
to a first embodiment of the Invention a multlpl© branch- 
ing sub is providad for placement at a branching node 
of a well Such sub inctudes a branching chamber (32) 
and a plurality of branching outlet members (34-38). The 
outlet msmbers, during constnxrtion of the branching 
sub. have previouBiy been distofted into obbng shapes 
so that al of the branching outlet members fit within an 
imaglnaiy cylinder which is coaxial with and substantial- 
ly the same radius as the branching chamber. According 
to one embodiment, the distorted outlet members are 
characterized by an outer convex shape. In another em- 
bodiment the distorted outlet members are character- 
ized by an outer concave shape when in a retracted 
state. After deployment of the branching sub via a parent 
casing in the weU, a fomiing tool Is lowered to the Interior 
of the sub. The outlet members are extended outwardly 
by the lomiing tool and simultaneously fomied into sub- 
etantialiy round tubea. Next, each outlet member le 
plugged with cement, after which each branch well is 
drined through a respective outlet member. If desired, 
each branch may be lined with casing and sealed to a 
branching outlet by means of a casing hanger. A mani- 
fold placed in the branching chamber controls the pro- 
dudionof each branch well tothe parent well. According 
to a second embodiment of the invention, a pressure 
resistant branching sub is provided which may be in- 
stalled in series with a casing string, and the associated 
equipment used for the installation operation and inter- 
vention of a well. The branching sub Includes a main 
pipe and a lateral outlet. 
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Description 

This invenlion relatoe generally to the field of wells, 
paniculariy to itie field of establishing branch wells from 
a parent hydrocartwn well. More particularty the inven- 
tion relates lo estabishing multiple branch wells from a 
common depth poin*, called a node, deep in the well. 

BACKGROUND OF THE INVENTION 

Multiple wells have been drilled from a common lo- 
cation, parliciiiarty while drilling from an cffshore plat- 
form where muftple weils must be drilled to cover the 
great expenses of ofshore drilling. As illustiated In Fig- 
ures 1 A and ia such welts are drilled through a com- 
mon conductor pipe, and each wefl includes surlaca 
casing liners. intenme(£ate casing and parent casing as 
is well known in the field of offshore drilling of hydrocar- 
bon wells. U.S. Patent 5,458,199 descrtoes epparatue 
and nr«thods for Ming muR^ wells from a common 
weHbore at or near tw surface of the earth. U.S. Patent 
4,573.541 descrt)os a downhole take-off assembly tor 
a parent well which irxjludes multiple take-off tubes 
which communicate ¥«th branched wells from a com- 
rrKXi point. 

Branch weis are also known in the art of well drilling 
whfch branch Ioditi multiple points in the parent well as 
illustrated in Figure 2. Branch wells are created from the 
parent well, bu: riecassarily the parent well exteiHSs be- 
tow the branchrig point of the primary well. As a result, 
the branching well is typically ol a smaller diameter than 
that of the primary weU whk:h extends below the branch- 
ing point Furtwrmote, difficult sealing problems have 
faced the an lor establishing connmunication between 
the branch wel and the primary weH. 

For exan^. U.S. Patent 5.388,648 describes 
mettiods relating to well juncture sealing with various 
sets of embodrnents to accomplish such sealing. The 
disclosure ol the "648 patent proposes solutions to sev- 
eral serious sealing problems which are encountered 
when establishing branches in a well. Such sealing 
problems relaie to me requirerrrant o( ensuring the con- 
nectivity ol the sjranch casing liner with the parent casing 
and to maintartng hydraulic isolation o* the iuncture un- 
der differential pressure. 

A fundamental problem exists in establishing 
branch wells ai a depth in a primary well In that appara- 
tus for establishing such branch wells must be run on 
parent casing which must fit v^hin intermediate casing 
of the well. AoconSngly. any such apparatus tor estab- 
lishing branch welb must have an outer dianeter which 
is essentially no greater than that of the parent casing. 
Furthermore, i is desirable that when branch wells are 
established, they have as large a diameter as posstbte. 
Still further, it is desirable that such branch wells be lined 
with casing wtiich may be established and sealed with 
the branching eq^iipment with convenlkxial casing 
hangers. 



An important object of this invention is to prcMride an 
apparatus and method t>y whnh multiple branches con- 
ned to a primary well at a sngte depth in the wel where 
iho branch welb are controlled and sealed with respect 
5 tome primary well with conventional Hner-iocasing con- 
nections. 

Another importam object of this inventbn is to pro- 
vide a multiple outlet branching sub having an outer di- 
ameter such that it may be mn in a well to a deployment 
ID k)cation via primary casing. 

Another object of this invention is to pnwide a mul- 
tiple outlet branching sub In which multiple outlets are 
tabricated In a retracted state and are expanded while 
downhole at a branching depbymenl tootion to pro- 
's dUoo maximum branch well diameters rounded to pro- 
vidB conventionai iner-to^ing connectjons. 

Another object of this hvention to to pranride appa- 
lanis for downhole expansion ol retracted outtot mem- 
bers in order to direct each outlet into an arcuate path 
» oulwarcfly from the axis of the primary wet and to ex- 
pmd the outlets into an essentiatly round shape such 
that after a branch well is drilled through an outM, con- 
ventional liner-to-caslng connections can be made to 
such outlet members. 

25 

SUMMARY OF THE INVENTION 

These objects and other advantages and features 
are provided m a method and apparatus for aslablishing 
30 muttiple branch wells from a parent wet A multiple 
brmhing sub is provided for deployment in a borehole 
by means of a parent casing through a parent Mil. The 
brsichhg sub includes a branching chamber whKh has 
an open first end of cylindrical shape. The branching 
ss ch»T«>er has a second end to which branching outlet 
members are connected. The first end is eonnBCted to 
the parent weH casing In a conventional manner, such 
as by threading, for deployment to a branching locatton 
in the parent weH. 
^: Multiple branching outlet members, Mch d which 
is integrally connected to the second end the branch- 
ing chamber, provide fluid oommunicaton with the 
branchng chamber. Each of the outlet me^ibers is pre- 
fabricated such tfiat such members are in a retracted 
45 position tor maertlon Of the sub into and down tirough 
the parent Well to a deployment kscation deep In tie weH. 
Each of the multiple outlets is substantiany totaly within 
an imaginary cylinder which is coaxial wifi and d sub- 
stvitially the same radius as the first end d the branch- 
« ng chamber. The prefabrication ol the oitfet menibers 
causes each outlet member to be transfonned in cross- 
sectional shape from a rourvd or circular shape to an ob- 
long or other suitable shape such that its outer profito 
fits within the imaginary cylinder. The otfer profile of 
55 each outlet member cooperates with the outer profiles 
of other outlet members to substantially ffl the area of 
a cross-section of the imaginary cylinder. As a result, a 
substantially greater cross-sectional area the multiple 
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outtdt mombors is achieved wilhh a cross-section ol the 
Iraginary cylinder as compared with a corresponding 
number of tubular multiple outlet members oT circular 
cross-section. 

The multiple outlet membere are constructed of a 
material which may be plastically defomwed by cold 
forming. Aformtngtool Is used, atter the multiple branch- 
ing sub is deployed in the parent well, to expand at least 
one of the multiple branching outlet members outwardly 
from the connection to tfie branching chamber. Prefer- 
ably all of the outlet members are expanded simultane- 
ously. Simultaneously with the outward expansion, the 
muittpie outlets are expanded into a substantially circu- 
lar (adiaJ cross-sectional shape along their axial extent. 

After the multiple outlet members which branch 
from the branching charnber are expanded, each the 
multiple branching outlets are plugged. Next, a borehota 
is drBled through a selected one of the multiple branch- 
ing outlets A subetantially round liner is provided 
through the selected branching outlet and into the 
branch well. The liner of cincular croes-eection is sealed 
to the selected branching outlet circular cross-section 
by means of a conventional casing hanger. A borehole 
and liner is established for a plurality of the multiple 
branching outlets. A downhole manifold is instaHed in 
the branching chamber. Next multiple branch wells are 
completed. The production of each branch well to the 
parent well is controlled with the manifold. 

The apparatus lor expanding an outlet ol the multi- 
ple branching sub includes an uphola power and control 
unit and a downhole operational unit An electrical wire- 
trie connects the uphole power and control unit and the 
downhole operational unit. The wireline provides a 
physical connection for lowering the downhole opera- 
tional unit to the branching sub and provides an electri- 
cal path for transmission of power and Wcfirectionalcor*- 
trol and status signals. 

The downhole operational unit includes a fonmig 
mechanism arranged and designed lor insertion in at 
least one retracted branching outlet member d the sub 
(and preferably into all of the outlet members at the 
same time) and for expanding the outlet member out- 
wardly from its imaginary cylinder at deployment. Pref- 
erably each outlet member is expanded outwardly and 
expanded to a circular radial cross-section simutone- 
ously. The dovmhole operatior^al unit includes latching 
md orientation mechanisms which cooperate with cor- 
responding rDechanisms of the sub. Such cooperating 
mechanisms allow the torming mechanism to be radially 
oriented within the multiple branching sub so that it is 
aligned with a selected outlet of the sub and preferably 
with ail of the outlets of the sub. The downhole opera- 
tional unit includes a hydraulic pump and a head having 
hydraulic f^uid lines connected to the hydraulic pump. 
The forming mechanism includes a hydraulically pow- 
ered forming pad. A telescopic link between each form- 
ing pad and head provides pressurized hydraulic fluid 
to the fomrting pads as they move downwardly while ex- 



panding the outlet members. 

According to a second aftemative embodiment of 
the invention , a branching sub is provided which allows 
multiple branches from a parent casing without the need 

5 tor sealing joints and which altows the use of conven- 
tional well controlled liner packers and casing joints. The 
geometry of the housing d me branching sub altows the 
housing to achieve maxinuan pressure rating consider- 
ing the size of the branch outlet wHh regard to the size 

10 of the parent cashg 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, advantagss era features d the inven- 
IS tkn will become more apparent by reference to the 
drawings which are appended hereto and wherein an 
Oustrative errtbodiment d tie Inventkm Is shown, of 
which: 

so Figures 1 A and IB Mustrale a prior art triple liner 
packed in a conductor casvig terminatkxi in which 
the outlet members aie round during hnstaRation 
and are packed to fit wihin the conductor casing; 
Figure 2 illustrates a prior art parent or verlKal well 

2S and lateral branch wets «rfiich extend therefrom; 

Figures 3A, 38. and 3C nustrate a three outlet 
branching sub accordhg to a first embodiment d 
the invention where Figure 3A is a radial cross-sec- 
iksn through the brandling outlets d the sub, with 

30 one outlet completely in a retracted poeltion. with 
another outlet in a position between its retracted po- 
sition and its fully expanded posttton. and the third 
outlet bemg in a fully expanded posltbn, and where 
Figure 3B is a radial cfoss-eedion through the 

35 branching outlets d the sub With each d the outlets 
fully expanded atter dsployment in a parent wall, 
and Figure 3C is an axial cross-section d the 
branching sub showing twod the branching outlets 
fully expanded to a round shape in whk^ casing has 

40 been run into a branch wen and sealed with respect 
to the branching outlets by means d conventlor^l 
liner hanging packers. 

Figure 4 is a perepect^e view d a three aymmetrl- 
cd outlet branching sue d a first embodiment d the 

46 invention with the outlet branches expanded. 

Figures 5A. SB. SC. ml 5D iHustrate configurations 
d the first embodimenid the inventton with asym- 
metrical branching oudets with at least one outlet 
having larger internal dimenekm than the other 

so tHO, with Figure 5A being a radial cross-section 
through the branching outlets along line 5A-5 A in a 
retracted positkm, witfi Figure 58 being an axial 
cross-sectkm through the ines 5B-6B d Figure 5A, 
with Figure 5C being a radial cress-eectton atong 

55 lines 5C-5C d Figure 50 wih the branching outlets 
in an expanded position, and with Figure 5D being 
an axial cross-sectkxi along lines 5D-5D of Figure 
5C with the branching outlets In an expanded posi- 
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tion: 

Figures 6A-6E liustrata radial cross-sections of 
several exampiss of branching outlet configuratior^ 
ol the branching sub according to the first embodi- 
ment of the invention, with all outlet branches fully s 
exp^Kted from iheir retracted state during deploy- 
men! in a parent well, with Figure 6A IHustratlng two 
equal diameter outlet branches. Figure 6B illustrat- 
ing three equal diameter outlet branches, Figure 
6C. like Figure 5C, iflustrating three outlet branches 
with one branch characterized by a larger diameter 
than the other two. with Figure 60 illustrating lour 
equal diameter outlet branches, ard with Figure 6E 
illustrating five outlet branches with the center 
branch being of smaller diameter than the other 
lour. 

Figures 7A>7E ilustrate stages dt expanding the 
outlet men^rs of an expandable branching sub ac- 
cording to the invention, with Figure 7A illustrating 
an axial cross-section of the sub showing multiple 20 
brarchirtgoudeiswimone such outlet ha retracted 
position and the other such outlet being expanded 
starling with its conr^ection to the branching head 
and continuing expansion downwardly toward the 
lower opening of the branching outlets, with Figure « 
7B illustrating a radial cross-section at axial position 
B ol Figure 7A and assuming that each d three 
symmetrical branching outlets are being expanded 
simultaneously, and with Figures 7C through 7E 
showing various stages of expansion as a function » 
of axial distance along the branching outlets; 
Figures 8A and BB illustrate respectively In axial 
cross-section and a radial cross-section along lines 
BB-BB, latching and orientation profiles of a braivih- 
ir^g chamber of the branching sub, and Figure 8A 3S 
further IBustrates an extension leg and supporting 
shoe for deployment in a parent well and for provid- 
ing stability to the branching sub while expanding 
the branching outlets from their retracted position; 
Figure 9 schenwticalV ilhjstrates uphole and down- ^ 
hole apparatus kx expanding the branching outlets 
of the brarK:hing sub; 

Figure 10 illustfates steps of the process of expand- 
ing and forming the branching outlets with a pres- 
sure forming pad of the apparatus of Figure 9; « 
Figures 11A-11H ilustrate steps of an installation 
sequence foranodal brarKhing sub and for creating 
branch welte from a parent well; 
Figure 1 2 illustrates a branching sub deployed in a 
parent well and further iilustratss branch well liners ^ 
hung from branchirtg outlets and still further illus- 
trates production apparatus deployed in the brarKh- 
ing sub for controflng production from branch wells 
into the parent well; 

Figures 13A and 13B geometrically illustrate the in- « 
crease in branch well size achievable for this inven- 
tion as compared with prior art conventional axial 
branch wells Irom liners packed at the end of parent 



casino; 

Figures 14A-14D are illustrative sketches of nodal 
brmching according to the invention where Figure 
14A iHustrates establishing a node in a parent well 
and establishing branch wels at a common depth 
point in the parent weB, all ol which communicate 
witha parent well at the node of the parent well; with 
Figure 148 illustrating an expanded branching sub 
which has had fts branching outlets expanded be- 
yond the diameter of the parent casing and fomied 
to be substantially round; wfth Figure 14C illustrat- 
ing using a primary node and secondary nodes to 
preduce hydrocarbons from a single strata; and with 
Figure 14D illustrating using an expanded branch- 
ing eub from a primary node to reach multiple sub- 
tenanean targets; 

Figvro 15A Muetratee a two outlet version of a 
branchhg eub according to the first embodiment of 
the invention, with Figures 15B. 150*. 15G.and15D 
ikistrating cross-eectional profiles ol such two out- 
let veieion of a branching sub with an alternative 
posHormtng tool at various depth locations in the 
oudat members; 

Figure 16 illustrates a two arm alternative version 
of a post-forming toot; 

Figures 17A-17D illustrate the operation of such al- 
temfitive post-forming tool; 
Figures 1 8A - 1 BE illustrate a branching sub accord- 
ing to the first embodiment of the invention with con- 
cave deformation of the branching outlets; 
Figures 1 9A - 1 9C illustrate an alternative actuating 
apparatus according to the invention. 
Figures 20A and 208 illustrate a second embodi- 
mM of the Invention wrhere Figure 2QA is an exte- 
rior view of a branching sub with a main pipe and a 
tater^ branching outlet and Rgure 208 Is an axial 
section view of such branching sub; 
Figures 21 A and 21 B are axial and radial section 
views of the branching sub of Figures 20Aand 20B 
but in a retracted state, and Figures 21 C and 21 D 
are axial and radial section views of the branching 
sub of Figures 20A and 20B in an expanded state; 
Figure 22 Is a graph which shows that the yield 
strength of the housing material d the branching 
sub ncreases with the rate of deformation during 
expansion; 

Figure 23 is a schennatic Htustration of the brancMng 
sub according to a second embodiment of the irv 
vention where lateral or branch holes are created 
ifon the main body of the sub or subs to reach dis- 
tinct f onnations Irom one mam borehole; 
Figure 24 illustrates the use of a deflectinQ tool 
which may k>e inserted within the main pipe c4 the 
brw>ching sub whereby a drilling tool which enters 
from the top of the eub may be directed into the lat- 
er^ outlet; 

Figure 25 illustrates two branching subs connected 
in tandem with the tandem connection placed in a 
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series of casing linics of a casing string; and 
Figures 26A and 26B illustrate a cap which may be 
welded across the branching outlet In order to close 
it off for certain well operatkxis. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As described above. Figures 1A and IB illustrate 
the problems with prior art apparatus and methods for 
establishing branch wels from a parent well. Figures 1 A 
and 1 B show radial and axial cross-sections of multiple 
outlet liners 1 2 hung »d sealed from a large diameter 
conductor pipe 10. The outtets are round in order lo fa- 
cilitate use of conventional Sning hanger packers 14 to 
seal the outlet liners 1 2 lor communication with the con- 
ductor pipe 10. The airangement o* Figures 1 A and 1 B 
requires that multiple round outlets of diameter Do fit 
within thedian>e1erDsl of the conductor pipelO. In many 
cases, especially where the conductor pipe must be de- 
ployed at 8 depth in the well, rather than at the surface 
of the woQ. it is not f eas«>le to provide a borehole of suf- 
ficient outer diameter to allow branch well outlets d suf- 
ficient diameter to be instaDed. 

The technique ot providing branch wells according 
to the prior art arrangement depicted in Figure 2 creates 
branch woRs 22. 24 troma primary well 20. Special seal- 
ing arrangements 26. unrike conventional casing hang- 
ers, must be provided lo seal a Iried branch welt 22. 24 
to the primary well 20. 

Description of Branching Sub According to a First 
Embodiment of the Inventton 

Figures 3A. 38. end 3C illustrate a branching sub 
30 according to the invention. The branchirtg sub in- 
cludes a branching chamber 32. (which may be con- 
nected to and carried by parent well casing (See parent 
casing 604 oi Figure 1 2)), and muttipla outlet members, 
for example three outlet members 34. 36. 38 illustrated 
in Figures 3A. 3B. and X. Figure 3A is a radial cross- 
section view through the branching chamber 32 which 
illustrates one outlet member 34 in a retracted state, a 
second outlet member 36 in the state o( being expanded 
outwardly, and a third outlel n>ember 38 which has been 
lully expanded outwaidty. (Figure 3A is presented for il- 
lustrative purposes, because according to the inventwn 
it is preferred to exparxi and circularize each of the out- 
lets simultaneously ) In the retracted stale, each outlel 
is deformed as shown particularly tor outlet member 34. 
A round tube is defonned such that its cross-sectional 
interior area remains essentially the same as that ol a 
circular or round tube, but its exterkx shape is such that 
it fits cooperatively with the deformed shape ol the other 
outlet members, all within an imaginary cylinder having 
a diameter essentially the same as that of the branching 
chamber 32. In that way the branching chamber 32 and 
its retracted outlel members have an effective outer di- 



ameter which sBovNS it to be run in a parent well to a 
deployment bcatkm while attached to a parent casing. 
Outlet member 34 in its retracted state is iHustrated in 
an obkxig shape, but other retracted shapes may also 

$ prove to have ac^aniageous characteristics. For exam- 
ple, a concave centrat area of deformation in the outer 
side of a retraced outlet member may be advantageous 
to provide a stXer outlet member. Such deformation is 
progressively greater and deeper starting from the top 

10 to the bottomed the outlet member. 

Figure 3A shows outlet member S3 in a state of be- 
r>g expanded in an arcuate path outwardly from the 
branching chamber 32 while simultaneously being 
rounded by adownhde forming^xpanding tool that is 

15 descrfced beta TYw arrows labeled F represent forces 
bertg applied horn tw Interior of the ouUet member 36 
in order to ex|»nd M outlet member bom outwardly In 
an arcuate pati away from branching chamber 32 and 
to circularize i Irom He retracted state (as ie the oondi> 

20 tk>n of outlet fmnter 34) to its expanded or fully de- 
ployed state lite oudei member 38. 

Figure 3B « a radial cross-eection as viewed by 
lines 3B-3B of Figure 3C through the branching sUb 30 
at the level of outlet members 36, 38. Figure 3C iilUG- 

zs trates conventnnal casing liners 42, 44 which have 
been installed through branching chamber 32 and into 
respective outlet ntembere 36. 38. Conventional Irier 
hanging packers 46. 48 seal casing liners 42, 44 to outlet 
members 36, 38. As illustrated in Figures 3B and 3C. if 

30 the diameter D62 ol the branching chamber 32 is the 
same as the diameter Del of the conductor pipe of prior 
art Figure IB, tten ttie outlet diameter Do of Figure 3C 
is 1 .35 times as great as the outer diameter Do of Figure 
IB. The liner cwss-sectlonalarea S^of the subof Figure 

3ff 3C is 1.62 times as great as the liner cross-sectional 
area Soof Figiee 1 A. When fUily expanded, the effective 
diameter of the experKSed outlet members 34. 36. 38 ex- 
ceeds that of ine branching chamber 32. 

Experimerts have been conducted to prove the fea- 

40 sibllity of man;.facturing branching sub 30 with outlets 
in a retracted state, and later operatkanally expanding 
outwardly arKi -ounding the outlets. 

Experiment Phase 1 

45 

Two casing sizes were selected: a first one. one me- 
terlong was 7 inch diameter casing with a wan thtokness 
of 4.5 mm; the second was one meter long and was 7 
inch diameter casing with a wall thickness of 8 mm. A 

so hydraulic lack was designed for placenrwnt in a casing 
fcsr expanding it. Each casing was successfully pre- 
formed into an eliptteal shape, e.g.. to simulate the 
shape of outlec member 34 in Figure 3A and refomied 
into circular shape whHe using a circularizing forming 

66 head with the jack. Circularity, like that of outlet member 
38 Of Figure 3A was achieved with phis or minus differ- 
ence from parted circutarity of 2 mm. 
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Experiment Phase 2 

Two. one meter long. 7 inch diameter. 23 pound 
casings were machined axalV a! an an9le of 2.5 de- 
grees. Thetwocaslngswerejoir^edtogetherattheirma- 
chlned surlaces by electron beam (EB) welding. The 
joined casings wore deformed to fit inside an 11 inch 
diameter. The welding at the junction ol the two casings 
and the casings themselves had no visible cracks. The 
maximum diameter was 107 inches; the mNmum di- 
ameter was 10.5 inches. 

a) Machinery 

Before mUllng each casing at an angle d 2.5 de- 
grees, a spacer was temporarily welded at Its end to 
avoid poeeft>le defomnation dur^g machining. Next 
each casing was machined rooghfy and then finished to 
assure that each machined surface was coplanar with 
the other. The spacer wekJed at the end of the casing 
was machined at the same time. 

b) Welding 

The two machined casings were assembled togeth- 
er with a jig. pressed together arxj carefully positioned 
to maritain alignment of the machined surfaces. The as- 
sembly was then fixed by several tungsten inert gas 
(TIG) spot welds arKi the jig was renwved. In an EB 
welding ctiamber. the two machined casings wore spot 
welded aftemately on both sides to avoid possitrfe de- 
fonnalion which could open a gap between the two 
surfaces . Next, about 500 mm were EB wetted on one 
side; the combination was turned over and EB welded 
on the other side. FinaMy the bottom of the combination 
was EB welded and turned over again to complete the 
welding. The result was satisfactory; the wekJ filtet was 
continuous without any toes of material. As a result, the 
two machined surfaces of the casings were joined with 
no gap. 

c) Defomrtation 

Delonmation was done with a special jig of two por- 
tions of half cylindere pushed against each other by a 
jack with a force of 30 metric tons (66.000 pounds). The 
half cylinders had an Inside diameter which was slightly 
smaller than 11 inches. ,\ocordingty. the final diameter 
of the deformed asserr^ly was tees than 1 1 inches when 
the junction was deformed. Pliers were placed inside the 
junction to aid deformation of the outlet where it is criti- 
cal: at the end of the tube where the deformation is max- 
imal. 

A large wedge with a 5 degree angle was installed 
between the two outlets to facilitate flattening them 
when defomning. The deformation started at the outlets. 
Force was applied on the pliers and simultaneously on 
the jack. A force of about one ton was continuously ap- 
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plied to the pliers; the cutskJe jig was mcvod down in 
steps of 125 mm; at each step a force of 15 metric tons 
(33.000 pounds) was applied. The operaion was re- 
peated with a force of 20 metre tons (44.Q0O pounds). 
s and the end of the outlets started to flatten m the wedge. 
The process was completed at a f oice of 3} metric tons 
(66.000 pounds). The resulting deformec sroduct was 
satisfactory. 

It is preferred to modify the shape of the pliers in 
10 such a way that the pKers detorm the suttat with a 
smooth angle and to weW the vrodge after defonnation, 
rather than before, and to weM it by using two large 
wedges on each skle of it to avoid a "nesative* defor- 
mation of this area 
rs Experiment Phase 2 was conducted asaoondtime. 
but with a steel sheet metal stiflener wehSed along the 
E B wekis of both skiss of the junctton of the two casings. 
The junctkjn was defonned as in Experineni Phase 2 
torn within an 11 inch diameter A jack wlh a lorce of 
20 30 metric tons (66,000 pounds) was used Pififs. as for 
the first junctkxi. were not used A largt wedge was 
used for the first junctkin with a 5 degree ang^ cut in 
two and Installed on each skle of the wektad wndge be- 
tween the two outlets to facilitate fatteninBar Ihe outlets 
25 when deforming. The deformatkm startedat the outlets 
and continued toward the juncton. This operation was 
repeated with a force of 30 metrw tons. T-io end of the 
outlets started to flatten on the wedge. Tht portion most 
difficutt to detorm was around the junction sf the casings 
30 where the outlets are complete inside hJ. weUed to- 
gether, where the weWed surface is between Itie top of 
the inside ellipse and the top of the outside e^pse. As 
a resuK of this experiment, a higher capacity jack of 60 
metric tons force was prcvMed. 

35 

Experiment Phase 3 

A full length prototype with two 7 inc^. casings con- 
nected to a 9 5/8 inch casing was manJactured artd 
40 pressure tested. Testing stopped at 27 ba- because de- 
tormatkxi was occurring without pressors /anaikxi. 

a) Machining 

45 Machining was performed In the sane way as lor 
the two prevkHis junctions except that the lenfi^ d the 
casings was 1.25 meters instead ol 1 meter, and a 
groove was machined around the elliptica pfo«e to en- 
hance the EB weWing process. Additionaly, a hole 
so was machined on the plane of the cut of each casing to 
install a pin between the two casings xomMvSe better 
positioning. The upper adapter was madwied out d a 
solkJ bar of steel on a numerically conlroltod mfling ma- 
chine to provide a continuous profile behMeen t>e 7 inch 
S5 casings, with a 2. 5 degree angle, and the 5 5/8 inch cas- 
ing. The adapter was nwichined to accect a plug. The 
inner diameter of the lower end of the 7 inch casings 
was machined to accept the expanding pugs 
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b) Welding 

The two mach'nod casings were assembled togeth- 
er wilh a jig and pressed together. The assennbly was 
then rwed together by several spot TIG wekte ar^d the 
jig was removed. Ir> an EB chanrtber. the two parts were 
EB spot welded anerr^aiely on both sides to avoid pos- 
sible deformalica Then the two casings wera EB weld- 
ed on one side: the assembly was turned over and EB 
weWed on the othet side. The assembled casings were 
jolnod sallstactoriry An adapter was then TIG welded 
on ihe assembled casings as well as a wedge in be- 
tween the 7 inch casings. 

c) Pressure Testing 

Deformation dwing pressure testing was measured 
using two linear potentiometers placed on the EB weld. 
The pressure was ancreased by steps of 5 bar. and the 
value oC the potentiometer was recorded at atmoepheric 
pressure, at the gVon pressure, and when returned to 
atmospheric pressure. As a result ol such pressure test- 
ing, ft was determined thai the total plastic deformation 
of the casings near their junction was 4.7 mm and out- 
wardly of their iunction was 3.7 mm. 

Experimom Ptiase 3 showed that the deformation 
at 27 bar was too high. Nevertheless, the deformation 
was localized in a small area. The upper adapter and 
the large casing welding act as stiffeners. It was deter- 
mined to add a stilener in the plane of welding which 
can be "anchored* in the area of low deformation. 

Experiment Pt^ase 4 

A full length prototype with two 7 inch casings (9 
mm thickness) cor«ectod to a 9 5/8 Inch casing was de- 
formed torn Inside a 1 0.6 ffich cylinder. This deformation 
was perlormed using the san« jig used for Experiment 
Phase 3, but vfllh a jack with 50 metric tons capacity 
instead of 30 metric tons. 

a) Oefomnatkxi Jig 

The deformation jig was modified to accept a higher 
defonning force aid ihe bar which supports the fixed 
haH shell was reinlorced. The jig was boiled on a frame 
and a crane was nduded in the frame to IW the junction 
and displace It durng the deformalton process. 

b) Deforming Process 



The change of dimension of the joined casing dur- 
ing dfifornwtion was measured using a sliding gauge. 
Such change of dimension was measured before apply- 
ing the pressure, under pressure and after releasing the 
pressure. DeformaDon started at the middle of the junc- 
tion where it is slfflest and continued toward the ends of 
the outlets because the deformalton must be larger at 



the outlets. The deformation on the bonom of Ihe junc- 
tion was too high on the first run and reached nearly 10 
inches. At the middte ol the junctkjn, the deformalton 
was about 1 0.6 inches. Except for the bottom end whfch 

5 was deformed too much with negative cun/ature around 
the wedge, the remaindor of the junctk^n stayed around 
10.6 mchos. The maximum pressure applied was 670 
bar which required a force ol 48 metrto tons. For joining 
and deforming casings of thicker tubes, the jig must bo 

f 0 rebuilt to accept large detorming forces. 

c) Conclusion 

The deformalton ol the prototype of Experiment 
15 Phase 4 was conducted easily with the new jig. The cas- 
iigs were reopened to the original shape. 

Figure 4 is a pacspactive view ol the branching sub 
30 of Figures 3A. », 3C where the branching sub is 
shown afier experabn. Threads 31 are provkJed at the 
20 top end o( branching cfiamber 32. Threads 31 enable 
branchtog sub X to be connected to a parent casing for 
deptoyment at a subterranean location. Outlet members 
34, 36. 38 are shown expanded as they wouW took 
downhole al the eiKt of a parent wefl. 
25 Figures 5A-5D aiustfBle an alternative three outlet 
branchtog sub 301 accorting to the Invenlton. Figures 
5A and SB atuslraae in radial and axial cross-sectton 
views the sub 301 n its retracted position. Oullei mem- 
bers 341 , 361 and 36 1 are Hlustrated with outlet member 
30 361 being about equal to the combined radial cross-sec- 
tional area of ouilK members 341 and 381 combined. 
Each of the outlet members are detomied inwardly from 
a round tubular shape to the shapes as illustrated in Fig- 
ure 5A whereby the combined deformed areas of outlet 
35 members 341 . 361 »id 361 substantially fill the circular 
area of branching chancier 321. Other defom>ation 
shapes may bo advantageous as menltoned above. 
Each delomied sh^ of outlet members 341 . 361 and 
381 of Figure 5A is tfiaraclerized by (for example, ol the 
40 outlet member 341 a circular outer sectton 342 and one 
or more connects;, non-circular secttons 343. 345. 
Such non-circular seciicns 343. 345 are cooperatively 
shaped with section 362 of outlet member 361 and 382 
of outlet meritbor 351 so as to maximize the intemal la- 
4S (Sal cross-secttonal areas of outtot nwnbers 341. 361 
and 381. 

Figures 5C and 5D Oustrate the branching sub 301 
of Figures 5A and SB attar its outlet members have been 
fully expanded after deptoyment in a parent weO. Outlet 
so members 361 and 381 are illustrated as having been 
simultaneously expanded to a gently curving path out- 
wardly from the axis of brarwhtog chamber 321 and ex- 
panded radially to term circular tubular shapes from the 
deformed retracted stale of Figures 5A and sa 
55 Figures 6A-6E show in schematic form the size d 
expanded outlet irwmbers as compared to that ol the 
branchtog chambe- Figure 6A shows two outlet mem- 
bers 241, 242 whtcn have been expanded from a de- 
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formed reUacted state. Tbe diameters ol outlet mem- 
tefs 241 and 242 ate wtetanlially greater in an expand* 
ed state as comr>ared lo their circular dtameters if thoy 
ooutd not be expanded. Figure 6B repeats the case of 
Figure 3B. Figure 6C repeats the uneven triple outlet 
configuration as shown in Figures 5A-5D. Figure 6D il- 
lustrates lour expandable outlet members from a 
branching chamber 422. Each of the outlet members 
441 . 442. 443, 445 are of the same diameter. Figure 6E 
illustrates five outlet members, where outlet member 
545 is smaller than the other lour outlet members 541 , 
542. 54a 544. Outlet menrtber 545 may or may net be 
defomwd in the iBtradBd state of the branching sub. 

Description of Metttod for Expanc^ a Oelomied 
Retracted OuUet Member 

Figures 7A-7E lllusirate dovmhofe forming heads 
122. 124, 126 operating at various depths in outlet mem- 
bers 38. 34, 36. As shown on the right hand side of Fig- 
ure 7A. a generafead forming heed 122 is shown as it 
enters a defomied retracted outlet member, lor example 
outlet member 36. at location B. Each of the forming 
heads 1 22. 1 24, 1 26 has not yet reached an outlet mem- 
ber, but the heads hav« already begun to expand the 
outlet wall of branching chamber 32 outwardly as ilhis- 
Irated in Figure 7B. TTw forming heads 122, 124. 126 
continue to expand the outlet memliers outwardly as 
shown at location C Figure 7C shows the forming heads 

1 22. 1 24. 126 expanding the outlet nrwnbers outwardly 
while simultaneously circutarizing thera Forming pads 

1 23. 125. 127 are forced outwardly by a piston in each 
of the forming heads 122. 124. 126. The forming heads 
slmultaneousty baar against cential wall region 150 
which acu as a reaction body so as to simultaneously 
expand and fomfithe outlet members 38. 34, 36 while 
balancing reactive forces white expanding. Figures 7D 
and 7E illustrate the forming step at locations D and E 
of Figure 7A. 

Figures 8A and 88 illustrate an axially extending 
slot 160 tn the branchir»g chamber 32 of branching sub 
30. Such slot 163 cooperates with an orienting and 
latching sub of a downhote forming tool for radial posi- 
tion ir>g of such orienting and latching sub for forming arxl 
expanding the mulipto outlet menr^rs downhofe. A 
notch 1 62 in branching charr^r 32 is used to latch the 
downhole forming tool a! a predetermined axial position. 

An extension leg 1 70 protects downwardly from the 
central wall region 150 of branching sub 30. A fcxrt 172 
is carried at the erxj of extension leg 170. In operation, 
loot 172 is lowered to the bottom of the borehole at the 
deployment location. It provides support to branching 
sub 30 during forming tool expanding and other opera- 
tions. 



Description of Forming Toot 

a) Oesolption of Embodiment of Figures 9. 10 

5 Rgures 9 and 10 Hlustfate the forming tool usel to 
expand multiple outlet members, for example oidet 
nrwmbofs 34. 36. 38 of Figures 3A, 38, and 3C andrig- 
ures 7Bl 7C. 7D and 7E. The forming tool includes 
hols apfBTBtus too and downhole apparatus 200. The 

to uptoleapparatuslOOtndudesaconventianalooniputer 
1 oe programmed to control telemetry and power SMPpiy 
unt 104 and to receive commands from and display in- 
fonnatian to e human operator. An uphole winch unit T 06 
ha»an elactrical wireline 110 spooled thereon foribw^ 

15 ering tfoswihole apparatus 200 throufih a parent siel 
canng and into the branching chamber 32 of a brsaxS^ 
ing sUb 30 %vhleh is connected to and eafrtad at memd 
olCie parent casvtg* 

The downhole eppaiatus 200 includes a comn- 

20 tiorelcaMe head 202 which provides a strenglh/elBctri- 
cail connection to wirerine 110. A telemetry, power m4>- 
plies ^ controls module 204 includes conventionel te> 
lemetry. power supply arul control circuits which fundion 
to oommunicate with uphole computer 102 via wirdine 

2S marvs to provide power and control sigr^ to dbifln- 
htib modules. Hydraulic power untt 206 includes a xon- 
ventional electrically powered hydrautc pump for sro- 
during downhole pressurized hydraulic fluid. An orenl- 
rig and latching sub 208 includes a latching device 21 0 

30 (smemBticallyHlustrated) for fitting within notch 1£2 of 
branching chamber 32 of Figure 8A and an orientirQde- 
vice 212 (schematically illustrated) for cooper ati ng wfth 
Stat 160 of branching chamber 32. When the dowmole 
sparafett 200 te lowered krtfo branching sub 30. ofiart- 

35 Ingdsvic«212enterstheslotl60andlhedownholtap- 
pvatue 200 is further lowered until the latching dnicft 
211! emars and latches within notch 162. 

F'oced traveling head 213 provides hydraulic fluid 
commurWcation between hydraulic power unit 206 and 

40 ihetr8velingformhgheadBl22.124,126.forexanDle. 
Teescooic linKs 1 80 provide pressurized hydraulic luid 
to *jave«ng fomning heads 122. 1 24. 126 as the huds 
122, 124, 126 move downwardly within the muBipleaU- 
lei members, for example outlet members 34. 36. SB €« 

45 Fi9jrB57B-7E. Monitoring heads 162. 184. 166arcpio- 
viM to determine the radial distance moved whili ra- 
didly tomting an outlet member. 

Figure 10 illuslrates traveBng forming heads T2& 
124. 122 indilferentstagesof forminganoutletme>«er 
so dli&ranching sub 30. Forming head 126 is shown iroU- 
lei memfber 36. which is ittustrated by a heavy line before 
racial terming in the retracted outlet member 36. The 
oudet member is sho%vn in light lines 36'. 36'. vrtienthe 
oudet iffwn^ber is depicted as 36' in an intermediata 
55 s&geol fonning and as 36' in Hs final formed stap. 
The forming head 1 24 is shown as it is radially 
retiacted outlet member 34 (m light line) to an nter- 
msdiate stage 34*. A final stage is illustrated as circiiar* 
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Izodoultet membor34*. The forming hoad 124. like the 
oCher two forming heads 126. 122. iry:ludesap»ton 151 
on which fotming pad 125 is mounted. P«ton 151 is 
forced outwardly hy hydraulic fluid applied to opening 
hydraulic line 152 arid b forced inwardly by hydraulic 
fluid applied to closing hydraulic fine 1 54. A caliper sen- 
sor 1B4 is provided to determino the anxHjnt of radial 
travel of piston 151 and forming pad 125. for example. 
Suitable seals are provided between the piston 151 and 
the forming head 124. 

The forming head 122 and forming pad 123 are H- 
lustrated in Figure 10 to indicate that under certain cir- 
cumsiancas the shape of Ihe outlet member 38 may be 
-over expanded* tocreaie a sli^ly oblong shaped out- 
let, auchthat when ladtal forming force from forming pad 
123 and fomiing hnd 122 is removed, the outlet will 
spring back into a oiBular shape due to residual elaslb- 
tty of the steel outM meniMr. 

At the level of 9m branching chamber 32. forming 
heads 122, 124. 126. balance each other against the 
reaction forces wftto fofcing the walls of the chamber 
outwardly: Accordingly Ihe forming heads 1 22, 1 24. 1 26 
are operated simulaneously. for example at level B of 
Figure 7K while forcing the lower end of the wall of the 
branching chamber 32 ocmvardly. When a forming head 
122 enters an outlet meoiber 38 for example, the pad 
reaction forces are evenly supported by the central wan 
region 1 50 of the branching chamber 32. The telescopic 
linits 180 may be rotated a small amount so that the 
forming pads 127. 125. 123 can apply pressure to the 
right or left from the normal axis and thereby improve 
the roundness or cacutarity of the outlet members. After 
a forming sequence is performed, for example at loca- 
tion D h Figure 7A. tie piassure is released from piston 
151. and the teleeoapic links 160 lower Ihe forming 
heads 122. for enmplo. down by one step. Then the 
pressure is raised again for forming the outlet members 
and so forth. 

The compositon of the materials of which the 
branching sub 30 is constructed is preferably of an aHoy 
steel with austentc structure, such as manganese 
steel, or nfckel allo>^ such as "Monar and •Inconel" se- 
ries. Such materials provide substantiat plastk; deforma- 
tion with cold forming thereby providing strengthening. 

b) Deacriptton of Alemative Embodiment cf Figures 
15A'15D, 16and 17A-170 

An alternative post-forming tool is illustrated in Fig- 
ures 15A. 15B. 15Br. 15C. 15D. 16, and 17A-170. The 
post -forming tool 1500 is supported by common down- 
hole components of Figure 9 including a cable head 202. 
telemetry, power supplies and controls nrwdule 204. hy- 
draulic power unit 206 and an orienting and latching sub 
208- Figure 16 i!lu8«rates that posl-fomrnng tool 1500 in- 
cludes a travel acniator 1510. A piston 1512 of travel 
actuator 1510 moves from an upper retracted position 
as shown in Figure 1 7 A to a tower extended position as 



shown in Figures 17C and 17D. Figure 17B shows the 
piston 1512 in an intermedtato position. Piston 1512 
moves to intermediate positions depending on the de- 
sired travel positions of forming heads In the outlet mem- 
s bers. 

Figures 16 and 17D ikjstrate a two forming head 
embodiment of the posi-Vyming tool 1500 where two 
outlet members (e.g,. see outiel members 1560 and 
1562 of Figures 15A-15D)are illustrated. Three or more 

10 outiel members may be provided with a corresponding 
number of forming heads and actuators provided. Unks 
1514 connect the piston 1512 to actuator cylinders 
1516. Accordingly, actuator cylinders 1516 are forced 
downwardly into outlet members 1560. 1562 as piston 

« 1512 moves downwarelly. 

Actuator cylinders 1516 each include a hydraufical- 
ly driven piston 1518 vrfach receives pressurized hy- 
draulic Ruid from hydraulic power unit 206 (Figure 9) via 
travel actuator 1510 and irUcs 1514. The piston 1518 is 
In an upper positxxi as lustFated In Figures 17A and 
1 7C and in a lower position as illustrated In Figures 1 7B 
and 170. 

The actuator cylinders 1516 are pivotally linked via 
finks 1524 forming pads 1520. The pistons 1518 are 

as linked via rods 1526 to expanding rollers 1522. As 
shown in Figures 17Aand 15B'. the forming pads 1520 
enter an opening of two retracted outlet members as il- 
lustrated in Figure 15B. The expanding rollers 1522 and 
forming pads 1520 are in a retracted position within re- 

M tracted outlet members 1 560. 1 562. 

The piston 1512 is stroked downwardly a small 
amount to nx3ve actuator cylinders 1 51 6 downwardly a 
small amount Next, pistons 1518 are stroked down- 
wardly causing expanding rollera 1522 to move along 

55 Ihe inclined interk>r face of forming pads 1 520 causing 
the pads to push outward/ against the biterkx walls of 
retracted outlet members 1560, 1562 unta the outlet 
members achieve a circutar shape at that level. Simul- 
taneously, the outlet memt)ers are forced outwardly 

^ from the axis of the muttoie outlet sub 1 550. Next, the 
pistons 1518 are stroked upwardly, thereby returning 
the expanding rollers 1522 to the positkxns as shown in 
Figure 15C. The piston 1512 is stroked another small 
distance downwardly thereby nnoving the forming pads 

45 1 520 further down into the outlet members 1 560. 1 562. 
Again, the pistons 1518 are stroked downwardly to fur- 
ther expand the outlet members 1560. 1562 outwardly 
and to circularize the outlets. The process is continued 
until the poslttons of Figures 15D and 170 are reached 

60 which illustrate the position of the forming pads 1520 
and actuator cylinders 1 516 at the distal end of the mul- 
tiple outlet menrtbers 1560, 1562. 

Descripiton of Method for ProvkJing Branch Welb 

55 

Figures 11A-11H and Figure .12 describe the proc- 
ess for establishing branch wells from a branching sub 
30 in a well. The branching sub 30 is illustrated as having 
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three outlel mambere 34. 36. 38 (per Vie exannple of Fig- 
ures 3A. SB, 3C and Figures 7A-7E) but any number of 
outlets may atso be used as ilustnated h Figures SA- 
GE. Only the outlets 38. 36 are «u8trated from the axial 
cross-sectional views presented; but of course a third 
outlel 34 exists for a three outlet example, but it is not 
visible in the views of Figures it A-iiM or Figure 12. 

Figure 11 A shows that the branching sub 30 is first 
connecledtotho lower end of a parent casing604 which 
is conveyed through intermsdttAo casing 602 (if 
present). Intermediate casing 602 lines the wellbcre and 
Is typically run through surface casing 600. Surface cas> 
ing 600 and intemnediate casing 602 are typically pro- 
vided to line the wellboro. The parent casing 604 may 
be hung from intermedate casing 602 or from the well- 
head at the surface of the earft or on a production plat- 
form. 

The outlet members 36. SB (34 not shown) are in 
the retracted poeWoo. Siot 160 and notch 162 are pro- 
vided m branching chamber 32 of branching sub 30 (see 
Figure 12) to cooperate with orienting device 212 and 
latching device 210 of orienting and latching sub 206 of 
dovmhole apparatus 200 (See Fjgure 9). When the par- 
ent casing 604 is set downhole, the branching sub 30 
may be oriented by rotating the parent casing 604 or by 
rotating only the branching sub 30 where a swivel joint 
ts installed (not illustrated) at the connection of the 
branching sub 30 with the parent well casing 604. The 
orienting process may be moruiored and controlled by 
gyroscopic or inclinometer sunrey methods. 

Description of Alternative Embortment of Figures IBA- 
ieFand19A-19C 

Figures 1BA-1BF inustrate concave deformation of 
outlet members in a retracted slate of a branching sub 
according to an alternative embodiment of the invention. 
The outlets are shaped similar io that of a niled surface 
shell. Concave deformation retracted outlet mem- 
bers, under certain circumstances, provides advantag- 
es lor particular outlet arranoements. especially for 
three or more outlet nodal junctions. 

Figure 18A illustrates, in a radial cross section 
through Ihes 1 8Aof the branchng chamber 1821 . of the 
branching sub 1 850 of Figure 18B. that the outlets have 
a concave shape. Stiffening rtiucture 1600 is provided 
at the juncture of each outlet member 1681, 1642,1861 
with its neighbor. As a result the area thai is capable of 
plastic deformation is reduced as the number of outlets 
increases. Providing the retracted shape of the outlet 
members, as in Figures ISA and 1 88. altows minimiza- 
tion of the area to be deformed, and simultaneously re- 
spects the principle of deformation of a ruled surface 
shell that allows expansion by posi-f onning with a min- 
imum of energy required. Figure 1BA Blustrates an en- 
velope 1 81 0 of the overall diarreler of the branching sub 
1850 when the outlet membe-s 1881. 1842, 1861 are 
retracted. The arrow 1806 points to a circled area of 



structural rointorcoment. An-ow 1804 points to an area 
of coTKave deformation of the outlets in branching 
chamber 1821. 

Figure ISC illustrates the branching sub 1850 at a 
5 longitudhal position at the junction of the outlet mem- 
bers with a radial cross section through lines 1 8C of Fig- 
ure 18B. Arrow 1810 points to the outer envelope of the 
branching sub in its retracted state. Figure 18D illus- 
trates the branching sub 1 850 near the end of the outlets 
to while in a retracted state. Anow 1 61 0 points to the outer 
envelope of branchirtg sub 1B50 in the retracted state, 
whllearrowa 1681'. 1842* and 1861* point to dashed line 
outlines of the outlet members 1881. 1842 and 1861, 
respectively, after expansion. 
IS Figures 16E and IBF ittustrate the branching sub 
1850 in an expanded slate where Figure 18E Is a radial 
cross section of through Ihe outlet members at the end 
of the outlet Arrow 1810 points to the outer envelope of 
the branching sub 1850 when in a retracted state; arrow 
20 1610* pointstotheouter envelope whentheoutletmem- 
bers 1881M842' and leevhavebeen expanded. 

A preferred way of placing the outlet members 
1881. 1842, 1851 inlolheretractedstateof Figures 18A- 
18D Is to construct the sub with the geometry of Figure 
SB iSE and apply concave pliers along the verticBl plan ol 
axis synvnetry of the junction. The deformation is pro- 
gressively greater and deeper starting from the top of 
the outlet members (Figure 18A) to the bottom of the 
outlet members. The entire junction of outlet members 
30 1881. 1842, 1861 10 brarx:hing chamber 1821 prefera- 
bly includes welding of super plastic materials such as 
nickel-based alloys (Monel or tnconet for example) In 
the defomied areas and materials of higher yield 
strength In ttw non-deformed part of the branching sub. 
3S Electron beam weldng is a preferred method of welding 
the composite sheH of the branching sub. because elec- 
tron beam welding minimizes welding induced stresses 
and allows joinhg of eections of different compositions 
and thick walls with minimum loss of strength. 
40 Figures 19A, 19Band 19C Illustrate a post-lonning 
tool 1 926 similar to the post-forming tool of Figures 1 5B*- 
15D and 16 described above. An actuator sonde (not 
shown) supports the post-forming tool 1926 including 
actuator 1910, push rod 1 927. and fonning rollers 1 929. 
*s Figure 19A shows an axial section schematk: of the 
posl4orming tod 1926 operating in one outlet member 
1881 of branching sub 1850 when It begins to expand 
such outlet member. Figure 1 9B illustrates a similar axial 
section where actuator 1 910 has been stroked outward- 
50 ly to force push rod 1927 and traveling fonning head 
1928 downward, with forming rollers 1929 expanding 
outlet member 1881 outwardly while simultaneously 
rounding it Figure 19C shows a vertical cross section 
through the branching sub 1850 with a traveling f omrting 
S5 head 1928 b each of the three outlet men^rs 1881. 
1842. 1861. Fonning rollers 1929 lores the concave por- 
tion of outlet members 1881. 1842 and 1861 oulvirardfy 
while support rollers 1 931 are supported against stilfen- 
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ing slmcture 1600. Push beam« 1933 provide a tiame 
lor fOtationalV aupportinfl lorminQ roilers 1 929 and fiup- 
poft rollers 1931. Springs and linkages (not illustrsfled) 
are provided among push beams 1 933. lorming rolers 
1929, and support rollers 1 931 to insure that all moving 
parts retrad to a top position so that ttie overall toddi- 
amater collapses to the diameter ol the branching charrv 
bet 1B21 (Figure 18B) oT the branching sub 1850. 

In operation, the traveling torming head 1 928 d Fig- 
ures 19A-1 9C follows a sequence of steps similar to 9VA 
described above vnth respect to Figures 17A-17D Ihe 
poet-forming tool 1 926 is conveyed by moans of a wire- 
Ine and its associated sonde with cable head, tolem^ 
povver supplies and contiols sub. hydraulic power uiic. 
«id orienting and latching sub, and is set so that fie 
actuator 1910 se^s above the top o( the junction cf stil> 
oning structure 1600. The traveifaig iotnvng head 1929. 
comprising push beams 1933 carrying fonning rotor* 
1929 and support toHers 1931. Is pushed downwaxty 
by povveringactuator 1 910 sothat the expansion c« each 
outlet member (e.g.. 1881. 1842. 1861)begmatitsicjp 
and where it exits from the branching chamber 1 82 1 and 
continues to the lower end of each outlet member. This 
sequence is repeated until the proper ciicuiar shape is 
achieved. 

Figure 11 B iHustiates the lorming step descrtoed 
^30ve with forming heads 122, 126 shown torming out- 
let members 38. 36 with hydraulic fluid being provided 
by telescopic imics 180 from hydraulic power unit 206 
vid fixed traveling head 213. The outlet members 36. 
38 are rounded to maximizo the diameter of the t>ranch 
weRs and to cooperate by fitting with liner hangeis or 
pKkere in ttie steps described beiow. The torming step 
of Rgure 11B also strengthens the outlet members 36. 
3B by their being cold formed. As descrbed above, the 
prelerred material of the outlet mambers 36. 38 c<ihe 
branching sub Is alloyed steel with an austenitic s*uc- 
ture. such as manganese steel, which provides subssan- 
tial plastic deformation combined with high strengthen- 
irtg. Cold forming (plastic deformation) of a nickel ailoy 
s:eel. such as •Inconer, thus increases the veW 
strength of the base material at the bottom end ol me 
branching channber 32 and in the outlet members 36. 
36. The outlet members are fomied into a final suboan- 
tiaJly circular radial cross-section by plastic delormetion. 

As described above. H is preferred under most con- 
cStions to convey and conUol the downhole forming ap- 
paratus 200 by means of wireline 110. but under certain 
conditions, e.g.. under-balanced welbore corxiitions. 
(or in a highly deviated or horizontal weH) a coiled tiding 
equipped with a wireline may replace the wireline alone. 
As aiustraled in Figure 11B and described above the 
dbwnhole fonning apparatus 200 is oriented, set and 
iGCkad into the branching sub 30. Utching device 210 
snaps vito notch 162 as shown in Figure 118 (seeslso 
Figure 12). Hydraulic pressure generated by hydraulic 
power unit 206 is applied to pistons in forming heads 
122. 126 that are supported by telescopic links 180 Af- 



ter a formir>g sequence has been porfomoct fte pres- 
sure is released from the pistons, and the telescopic 
links 180 tower the forming pads dowtr by one step. 
Then the pressure is raised again arxJ jo on until the 
s forming step is completed with the outle: members cir- 
cularized. After the outlet members are sxpanded, the 
downhole forming apparatus 200 is rerroved from the 
parent casing 604. 

Figures 11C and 11D illustrate the csnentlng steps 
10 for connecting the parent casing 604 arvt the iKanchhg 
sub 30 into the well. Plugs or packers BOO are installed 
rito me outlet members 36. 38. The prolerredway to sot 
the packers 800 is with a multiple head sttnger 602 con- 
veyed either by cementing string 904 or a coM tubing 
IS (not Illustrated). A muRple head sltngervKludes multi- 
ple heads each equipped with a cemerting low shoe. 
The stbiger 802 is latched and oriented in ihe branching 
chamber 32 of branching sub 30 in a rranner similar to 
that described above wi»i respect to F^ira 11B. As il- 
20 lustrated in Figure 1 1 D, cement 900 is imjectod via the 
cementing string 804 into the packers 8BD. and after in- 
ftating the packers 800 ftows througtr conventional 
check valves (not shown) into the arviuLis oiuQside par- 
ent casing 604. including the bottom brancNi^ section 
25 1 000. Next, the cementing string 804 is ^liocS out of the 
hole after disconnecting and leaving packers 800 in 
place as shown in Figure 11 E. 

As shown in Figure 11 F. individual trancTi wells (©. 
g. 801) are selectively drilled using any sult^le drilling 
30 technk^ue. After a branch wen has been drSted. a liner 
805 is ir>stalled, connected, and seated in the outlet 
member. 36 for example, with a con^entianal casing 
hanger 806 at the outlet of the branching sob 30 (See 
Figures 11G and 11H). The liner may Ib cen»nted (as 
3S lllustmted in Figure 11G) or rt may be retnnrable de- 
pending on the production or injection faramflieis. and 
a second branch well 806 may be drilled as itustrated 
in Figure 11H. 

Figure 12 illustrates completion a branch wells 
40 from a branching sub at a node ol a pa^t woH having 
parent casing 604 run through intermeDate casing 602 
and surface casing 600 from wellhea; oiQ. As men- 
tioned above, parent casing 604 may bt huP»g from in- 
termediate casing 602 rather than from wellTfiad 61 0 as 
4S illustrated. The preferred method of corcpleling the well 
is to connect the branch wells 801. BOBto a downhole 
manifold 6 1 2 sot in the branching chamter 32abQve the 
junctkxi of the branch wells 801. 80B The downhole 
manifoW 61 2 is oriented and latched in tranchfing cham- 
50 ber 32 in a manner similar to that of the Juwii**ole form- 
ing tool as illustrated in Figures 8A, 68 and 11 B. The 
downhole mancf okJ 6 1 2 altows for corrtrd d ««e produc- 
tton of each respective branch well and provides lor se- 
lective re-entry of the branch welts 801 . 306 «Mth testing 
ss or maintenance equipment which ma? be conveyed 
through productk)n tubing 820 trom the surtace. 

In case of remedial woric in the pawit casing 604, 
the downhole manifold 612 can isolate the jparent well 
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from the branch wolte 801 . BOB by plugging tho outlet of 
the dO¥vnho!e manifold 612. This is done by convoying 
a packer throufi^i productioo tubhg 820, and setting it 
in tt^e outlet of downhole manifold 612 before discon- 
necting and removing the production tubing 820. Valves 
controtlablo from the surface and testing equipment can 
also be placed in tho downhole equipment. Tho down- 
hole manifold 612 can also be connected to muKiple 
completion tubing such that each branch well 801. 808 
can be independently connected to the suriaca well- 
head. 

The use of a branching sub for branch well forma- 
tion, aa described above, for a triple branch well config- 
uration, allows the use of dramaticatty smaller parent 
casing as compared to that required in the prior ait ar- 
rsngemeni of Figures 1 A and 18. The relationships be- 
tween the branching sub diameter Os. the maximum ex- 
panded outlet diameter Do» and the maximum diameter 
of a conventional axial branch D« for a two outlet case 
is shown in Figure 13A, and lor a throe outlet case in 
Figure 1 3B. The same kind of anaVsis applies for other 
multiple outlet arrangements. In comparison to an 
equivalent axial branching that could be made of liners 
packed at the end ol the parent casing, the branching 
weU methods and apparatus ol the present hventton al* 
tow a gain in branch cross-sectional area ranging from 
20 to 60 percent 

Figures 1 4A-1 40 ilkistrate varkdus useaof two node 
branch well configuratkxis according to the inventnn. 
Figures 14Aand 14B illustrate a branching sub at a node 
according to the inventkxi. Figure 14C illustrates how 
branch weBs may be used to drain a single strata or res- 
ervoir 1100. while Figure 140 iltusbates the use of a sin- 
gle node by whk:h mult«>le branch wels are directed to 
dffferentiargetZGnes1120. 1140. 1160. Any branch well 
may be treated as a single wel for any mtenrentkxi. 
plugging, or abandonment, separate from the other 
wells. 

Descriptkxi of Alternative Embodiment of a Branching 
Sub According to the Invention 

a) Description of Alternative Branching Sub 

Figures 20A and 20B show an alternative embodi- 
ment 3000 of the inventton ol a branching sub. Figure 
20A shows an exterkw view of the branching s\A> 3000 
inchiding a housing 3002 having threaded ends 3004, 
3006. The branching sub 3000 of Figures 20A 208 is 
illustrated in an expanded or post-fonned state. The 
branching sub 3000 includes a main X10 w4ilch 
defines a feed through channel 3011 (see Figure 208) 
and at least one lateral branching outlet 301 2 which de- 
fines a lateral channel 30l3(see Figure 208). Abranch- 
ing chamber 3008 is defined between the top channel 
3007 and the feed through channel 3011 and lateral 
channel 301 3. A bottom hole assembly (BHA) denecting 
area 3015 separates main pipe 3010 from lateral 



branching outlet 3012 

In a retracted slate, the branching sub 3000 may be 
placed in series with sections of well casing and posi- 
tioned in a borehole witt the running of the casing string 
5 into the borefiolo. After placement in the bof eholo. tho 
housing of tho branching sub 3000 is post-formed so 
that both the feed through channel 301 1 and the lateral 
channel 301 3 (or multiple branching outlets) are shaped 
to a final geometry which incroasos resistance to pres- 
to sure and which maximizes the drift diameter of the lat- 
eral channel 3013 and the feed throu^ channel 3011. 
Longitudinal ribs 3018 provide strength to the housing 
3002 of the branching sub 3000. Longitudinal rib 3018 
extends the entire BxtaH lengtfi of the branching sub 3000 
IS and is integral with the BHA deflecting area 3015 for a 
distance from the bottom threaded end 3006 of tho 
branching eub 3000 «> the branching chamber 3006. 

Figures 21A-21D 8Chematk:any Itustrate the 
branching sub 3000 in its retracted state (see Figures 
20 21 A 21 B) and in its expanded state (see Figures 21C. 
21 D). In the retracted state shown in Figures 21 A. 21 8. 
the main pipe 30 1 0 and the branching outlet 3012 have 
been prefabricated so that the maximum outer diameter 
0 of the branching sub 3000 is not greater than the top 
25 threaded end 3004 or bottom threaded end 3006. Figure 
21 B. taken akxig seclion me 218 of Figure 21 A illus- 
trates the obkxig shaoe of the feed through channel 
3011 of main pipe 3010 and of the lateral cTiannel 3013 
of lateral branching outlet XI 2. In the retracted slate, 
30 branching sub 3000 can be placed between sections of 
borehole casing and nm into an open borehole to a se- 
lected depth. 

Figures 21C and 210 schematicaity Ulustrate the 
branchhg sub 3000 sfter i has had Its feed through 
9S channel 3011 expanded andlts lateral Channel XI 3 ex- 
pended. The maximum demeter in the expanded state, 
pertormed downhole. at sectkxi line 21 D is D' as com- 
pared to the diameter 0 of the top and txsttom threaded 
ends 3004. 3006 of the brarKhing sub 3000. Figure 21 D 
40 rikistratea that the main pipe 3010 and the lateral 
branching outlet XI 2 rot only have been expanded out- 
wardly from their retractea stats of Figures 21 A 218. 
but lliat they have been substantially circularized. Thus, 
in Figure 21 D. feed through channel XII and lateral 
4S channel XI 3 are characterized by substantially drcuiar 
internal diameters. 

The downhole posl-foiming method and apparatus 
illustrated and descriied above by reference to Figures 
7A-7E. SA, BB. 9 and 10 are used to expand the feed 
so through channel X1i and the lateral channel Xi 3. 

The constructkxi of branching sub 3000 is based on 
the combinatkxi of material and geometrical properties 
of the BHA deflecting area XI S. The material is specif- 
ically selected and treated to altow a large rate of defor- 
ss matkKi without cracks. The geometry of the waa is such 
that both its combined thickness and shape ensure a 
continuous and progressive rate of deformatkxi during 
the expanskyi. The plastic deformatkxi increases the 
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yield strength by cold work effect and hence gives the 
joint wi acceptable strength that ie required to support 
the pressure and liner hanging forces. Figure 22 shoiws 
that the yield strength after expansion hcreeses with the 
rate of deformation of the outlets. A preferred material 
for use h the poet-fonming areas is a fine grain normal- 
ized cartxxi steel or an austenitic manganese alloyed 
steel that reacts lavorably to cold working. A preferred 
construction method is to manufacture different specific 
components in order lo optimize the materia! and torTn- 
ing process of each particular part. In a final stage, the 
oompcnentft are weWed together eo that the housing 
3002 becomes one single continuous structural shell 

b) Description of Use of Alternative Branching Sub 

Figure 23 schematicaily illustrates the use o« the af- 
temaiive branching sub 3000 as descri>ed above. A 
preferred use of the branching Bub 3000 is for provkfing 
multiple branches in a parent well. Such multiple 
branches may improve the drainage of a subterranean 
formatkxi. 

Before the invenlton of the branching sub 3000 d 
Figures 20A, 208 and 21 A-21 D. connection of a lateraJ 
branch to a parent well has generally made use ol an 
arrangement of several parts with sealing d the branch 
well to the parent well wih rubber, resin or cement. Such 
joints require a complex method of installaton and 
present a risk of hydraulic isolalion failure after several 
pressure cycles in Ihe wen. 

The branching sub 3000 according to the invention 
albws lor provkJing mullipie branches from a parent 
casing with no sealing joint, but with conventional Tner 
hanging packers and casing joints. The geometry of the 
housing 3002 Of tie branching BUb 3000 altaiws the pres- 
sure ratng ol the sub and the size of the branch to be 
maximizod with regard to the parent casing size. Figure 
23 shows an example of the use of a branching sub 3000 
Where, after expansfon downhote. branch wells Xi4 
are provkJed to separate parts of the earth's crust t^y 
means of lateral channels 3013 The branch wells 30' 4 
can be used for axtractkxi, storage or jnjectwn of vario^ 
flukis such as mono or poly ^Jhasfc ftukJs of hydrocarbon 
products, steam or water. 

c) Description ol Deflection Apparatus and Procedures 

Figure 24 Hlustrates how a drilling tool 3030 can be 
guktod or deflected from nnain pipe 3010 into lateral 
branching outlet 3012 after the branching s\A> 3000 has 
been expanded downhole. A deflecting tool 3036 is set 
in main p(pe 3010 by means of elements wtfilch cooper- 
ate with the positksnkig groove 3040 and orienting cam 
and slot 3042 ilkistrated schematically 

Several lateral branching subs can be stacked in 
tandem at a kxjatkyi in the well or at several places 
along the casing string in order to provWe optimal com- 
municatkxi with various lormatkjns from the parent well. 



Figure 25 iBuslrales two brarK:hing subs 3000 according 
to the alternative embodiment of the inventkm wMch are 
connected in tandem In a casing string 3300- WTwre two 
or more branching subs 3000 are connected in a casing 

$ string 3300. each sub can be oriented with r>e same or 
a different face angle for the latera! branches. As a oon- 
sequerice, different angular orientations fron the parent 
well may be provkled lo reach a large volume ^ subter- 
ranean formatons with different lateral branches. The 

10 casing string 3300 may be oriented vertcally or horizon- 
tally, or it may be tflted; but the lateral brandies nriay in 
any case extend laterally from the parer* casing. Al- 
though departing at a narrow angle from the cashg 
string 3300. lateral boreholes from the tatenai outlets of 

IS branching subs 3000 can be cfirectkxially drlMloa ver- 
teat, deviated or horizontal orientatk)n. 

Figures 26A and 26B Hustrate a driOafate cap 3400 
weMed about the of^ening of lateral brarstiing outlet 
301 2 in Us retracted and expanded conditkms. lospec- 

zo tlvely. When conveying the casing string irtto the Ijore- 
hole, the cap 3400 Isolates the lateral channel 3013 from 
the borehole and maintains a differential pcessure 
across the casing wall whk:h may be required to control 
the borehole pressure when casing is corweyeddown- 

25 bole. When the lateral branch is to be drflled, a drilling 
tool bores through cap 3400 and into a f ormatkio to form 
a lateral branch. 

d) Description of Advantages and Features of 
30 Alternative Branching Sub 

As mentkxied above, a single branching s«A> 3000 
can be provktod with more than one lateral outlaL Such 
multiple outlets can be coptartar with each other or non- 
35 ooplanar. A single t}ranching sub 3000 can be correct- 
ed in tandem with one or more other branching sut« 
3000 either at its top end or its bottom end A branching 
sub 3000 can be provkled with a foot at its lower end in 
a similar manner to foot 172 of Figure 8A. 
^ A lateral branching outlet 30i 2 of Figu-e 20B may 
support a liner hanging packer which hoios a Ir^er con- 
nected to the housing 3002 in order tc tsoiale the 
branchkig chamber 3008 from the borehote Appropri- 
ate grooves at the top of the lateral branching outlet 
45 3012 may be provkJod to secure Ihe liner har^jer and 
prevent the linerlrom accWentally moving cwt of t>e out- 
let during the liner setting operation or later Aleinative- 
ly, the interior wall of tht lateral branching outlet 3012 
can be provkted without grooves. 
50 The lateral branching outlet 301 2 can be lerminated 
with a ramp that gukies the drilling bit when staffing the 
drilling of the lateral borehole. Such ramp can prevent 
the drilling bit from aocUentally drilling badi lomrd the 
main pipe 3010. 
M Other structures may be provkJed Inside the 
branching chamber 3008 such as a gukJance ramp, sec- 
ondary positioning groove, or the like to validafle con- 
veying equ^ent through the lead through channel 
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3011 or toward a epecific lateral channel 3013. The 
branching chamber 3006, or the lateral branching outlet 
901 2, Of tho main pipe 301 0. can be provided with tem- 
porary or pem^ent flow oontrol devices such as 
valves, chokes, or temporary or permanent recording s 
equipment with temperature, pressure or seismic sen- 
sors, tor example. The branching chamber 3006 can al- 
so be provided with a production tubing interface with a 
flow connector, or a flowdivorter, or an isolating packer. 
A lateral branching outlet 301 2 can also be provkied with to 
an artfficial lifting davk» such as a pump, gas influx in- 
jectors, and the like. 

As an altemative to the apparatus and techniques 
of Figures 7-10 for expanding the main pipe 3010 and 
the lateral branching outlet 3012. an inflatable packer is 
may be placed on the mde waS of the main ppe 3010 
or the tateral branching outlet 301 2 whereby the expan- 
skm force of the packer is used to expand the pipes by 
plastic defbrmatkxi. 

VarkMJS modificatksns and aKsratkx^ in the de- ^ 
flcrbed methods and apparatus win be apparent to 
those skilled in the art of the foregong descript»n whk:h 
do not depart from the spirit of the invention. For this 
reason, such changes are desired to be included within 
the scope of the appended claims which inckxie the only 
limilations to the present invention. The descriptive 
manner whch is emptoyed for setting forth the embod- 
iments shouM be interpreted as illustrative but not limi- 
tative. 



Claims 

1. A multiple branching sub designed arKl arranged for 
deployment in a borehole comprising: 

a branching chamber having an open first end 
of cylindrk:al shape and a second end. said 
branching chamber designed and arranged tor 
sealed conrtection at saki first ertd to casing in 40 
a borehole; and 

multiple branching outlet memt>er3. each of 
which is integrally connected to said second 
end of saki branching chamber, each of saki 
mutt^lB branching outlet memben^ being in flu- 45 
kl communicatkm with saU branching cham- 
twr. saw sub characterized by: 
a retracted position for insertkxi into a borehole 
in whch each of saki multiple outlet memt)ers 
is substantially totally within an imaginary cyl- so 
inder which is coaxial with and of substantially 
the same radius as sakI first end of said branch- 
ing chamber: and 

an exparKled positkm in which at least one of 
said multiple outlet members extends from sakl ss 
branching chamber in a path outwardly of said 
imaginary cylinder; and 
wherein said branching outlet members, when 



in sakJ retracted position, are characterized by 
an outer cun^ed shape when a radial cross-sec- 
tion of said branching outlet mefrt>ers is viewed 
from outside said Imaginary cyfnder. 

2. The sub of claim 1 wherein saki tnanching outlet 
members, when in said retracted positkan. are char- 
acterized by an outer convex or concave shape 
when a radial cross-sectton of said t)ranching outlet 
membere is viewed from outside sakl imaginary cyl- 
inder. 

3. The sub of claim 1 wherein sa'doutlet members are 
designed and arranged such that In sakl expanded 
positkxi, aach of sak) multiple outM members ex- 
tends in an arcuate path from said branchmg cfiam- 
bar outwardly of saM imaginary cyfinder. 

4. The sub of claim 1 wherein saicS multiple outlet 
members in sakl expanded position are character* 
ized by a substantially circular radial cross-section- 
al shape. 

5. The sub of claim 1 wherein said muhiple branching 
outlet members are formed of a material w^ich may 
be plastically deformed by cokJ forming. 

6. The sub of claim 5 whereki saki material is an al- 
loyed steel with austenltk: stnx^ture. 

7. The sub of claim 6 wherein saki material is a nickel 
alloy. 

a The sub of claim 1 wherein each of sakl multiple 
branching outlet membera is of substantially the 
same radial cross-sedkxtal area. 

9. The sub of claim 1 wherein at least one of saki mul- 
tiple branching outlet members is characterized by 
a radial croes-sectkyial araa which is greater than 
at least one other of said muttole branching outlet 
nnembers. 

1 0. The sub of claim 1 further compristng a leg member 
carried substantially axially downwardly from saki 
second end of saki branching chanrOer; and a foot 
disposed at a distal end of said le^ 

1 1 . The sub of clakn 1 whereki a central support regk>n 
is defined at sard second end o« saki brancNng 
chamber t>elween integral oonnections of saki mul- 
tiple branching outlet members to saki second end. 
and further comprising: 

an extenskxi leg carried from saki central sup- 
port regx>n which extends axially beyond saki 
multiple branching outlet members; and 
a foot disposed at a distal end of said leg. 
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12. A brwtthing sub dosigned and arranged tor deploy- 
inent in a borehole comprising: 

» integral housing having a top end and a bot- 
tom end and which defines a branching cham- 
ber, a main pipe, and a branching outlet, with 
said main pipe and said branching outlet each 
being longitudinatly below said branching 
chamber and each being in fluid communica- 
tion with said branching chancer, 
said top end of said housing being above said 
branching chamber end being adapted for con- 
rwction to borehole casing, and wherein said 
top end is characterized by a connection diam- 
oler. 

said branching sub characterized bya retracted 
state for insertion inio a borehole in w^tch the 
tagest diameter of said housing at any position 
along its longitudinal length is no greater than 
said connection diameter and 
VI expanded state in which said branching out- 
let extends outwardly from said branching 
chamber with a diameter of said housing in said 
eoqianded state being greater than said con- 
nection diameter 

13. The branch iig sub of claim 12 whereb said main 
3ipe has an end which defines said bottom end of 
said housing and which extends longitudinally be- 
ow an end ol said branching outlet. 

14. The blanching sub of claim 12 wherein said main 
gipe has threads provided at said bottom end tor 
connection to borehole casing below. 

15. The branching sub of claim 14 where in the retract- 
ed state said main pipe is characterized by a circular 
nside radial section shape at said bottom end and 
3y a non-circular inside radial section shape at a 
cngnudinal position below said branching chamber 
and above said bottom end. and said branching out* 
ot IS characterized by a non-circular inside radial 
section shape at a longitudinal posftion below said 
orarvhing chamber 

1& ThebianchingsubolclaimlSwhereintheexpand- 
ed state said branching chamber and said main 
pipe are characterized by a substantially constant 
first dtometer of a circular inside radial shape from 
said top end to said bottom end, and said branching 
outM is characterized by a substantially constant 
second diameter of a circular inside radial shape 
from said branching outlet end to said branching 
chamber. 

17. The branching sub of claim 13 further comprising a 
first longitudinal rib which is integral with said hous- 
ng and which extends from said bottom end to said 



top end in a path along the exterior of said housing. 

1 8. The branching sub o( claim 17 further comprising a 
second longtudinal rib. spaced peripherally from 

5 said first )or>gitudinal rib which extends from said 
bottom end to said top end in a path along the ex- 
terior of said housing. 

19. The branching sub of claim 18 further comprising a 
10 deflecting structure which separatee said main pipe 

from said branching outlet from said brariching 
chamber longltudlnany downward to said end of 
said branching outlet. 

iS 20. The branching sub of claim 1 3 further comprising a 
driOable cap secured to said end of said branching 
outlet. 
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